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摘  要 
 I











(2) 考虑了外磁场对 α相 Gibbs 自由能的影响，并计算了纯 Fe，Fe-C，Fe-Si，
Fe-Mo，Fe-Cr 和 Fe-Mo-Si 各体系中的 α/γ 相平衡，结果表明 α 相随外磁场强度
的增加越来越稳定，其相区越来越大。 
(3) 根据无外磁场时的扩散系数计算模型，首次推导了外磁场下的扩散系数































Under the external magnetic field, the thermodynamics and kinetics of phase 
transition of Fe-based alloys have become a hot topic in the field of materials science. 
The previous research indicates that the microstructure of Fe-based alloys will change 
in the external magnetic field. Consequently, the mechanical properties of Fe-based 
alloys can be improved by controlling the strength of external magnetic field and the 
temperature of heat treatment. 
So far, the thermodynamics and kinetics of phase transition of Fe-based alloys in 
external magnetic field were rarely studied. In this work, under the external magnetic 
field, the magnetic properties, the thermodynamics and kinetics of phase transition in 
pure iron and Fe-based alloys were calculated. The results are listed as following: 
(1) Based on the Weiss molecular field theory, the magnetization of pure iron and 
Fe-based alloys were calculated under various external magnetic fields. The Curie 
temperature was defined as the inflexion of the M-T curve, then the Curie temperature 
in the external magnetic field can be obtained. The results indicate that both the 
magnetization and Curie temperature increase with increasing external magnetic field.  
(2) Considering the influence of external magnetic field on the Gibbs free energy of 
α phase, the α/γ phase equilibrium of pure iron, Fe-C, Fe-Si, Fe-Mo, Fe-Cr and 
Fe-Mo-Si systems were calculated, respectively. The results indicate that the α phase 
become more stable in external magnetic field. 
  (3) Based on the diffusion coefficient model without external magnetic field, the 
diffusion coefficient model with external magnetic field was firstly deduced. Then the 
α-Fe self-diffusion coefficient and the diffusion coefficient of Ni and Co in α-Fe were 
calculated by the deduced model. The calculated results indicate that the diffusion 
coefficient decreases with the decreasing of temperature and the increasing of external 
magnetic field intensity, and near the Curie temperature, the diffusion coefficient 
decreases obviously and the lgD-T curve becomes smoothly. 
  (4) Based on the classical nucleation theory and grain growth model, and 
considering the influence of external magnetic field on the γ→α phase transition 
driving force, the critical nucleation energy, critical nucleation radius, nucleation ratio, 
grain growth velocity and TTT kinetics curves of γ→α phase transition in pure iron 















magnetic field, the nucleation potential energy and critical nucleation radius decrease; 
the nucleation ratio and growth velocity increase, and the nucleation ratio changes 
more obviously; the nose of the TTT curves increases and the time of phase transition 
shortens. These results are good fit with the condition of grain refinement, so they can 
explain the reason of grain refinement in external magnetic field. 
  The calculated results can provide a guidance for the experiments of the Curie 
temperature, phase equilibrium and phase transition kinetics of pure iron and Fe-1C 
(at. %) alloy. 
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向必须施加2 T (T为磁场强度单位) 以上的强磁场[17]。 
 
1.2.2 外磁场下烧结对材料性能的影响 
    在材料的烧结过程中引入外部磁场会加速烧结过程 (活化烧结)，从而起到
控制和改变烧结体组织结构的作用。 
张达明等人[18]研究了含Co量为 (6.0～9.5 wt. %) 的WC-Co系合金磁场烧结
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%，粘结相分布更均匀，WC晶粒平均尺寸减小，硬度、密度提高。易丹青等人
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